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ABSTRACT

Background

Procedural sedation and analgesia (PSA) is used frequently in the emergency department (ED) to facilitate painful procedures and
interventions. Capnography, a monitoring modality widely used in operating room and endoscopy suite settings, is being used more
frequently in the ED setting with the goal of reducing cardiopulmonary adverse events. As opposed to settings outside the ED, there is
currently no consensus on whether the addition of capnography to standard monitoring modalities reduces adverse events in the ED
setting.

Objectives

To assess whether capnography in addition to standard monitoring (pulse oximetry, blood pressure and cardiac monitoring) is more
effective than standard monitoring alone to prevent cardiorespiratory adverse events (e.g. oxygen desaturation, hypotension, emesis, and
pulmonary aspiration) in ED patients undergoing PSA.

Search methods

We searched the Cochrane Central Register of Controlled Trials (2016, Issue 8), and MEDLINE, Embase, and CINAHL to 9 August 2016
for randomized controlled trials (RCTs) and quasi-randomized trials of ED patients requiring PSA with no language restrictions. We
searched meta-registries (www.controlled-trials.com, www.clinicalstudyresults.org, and clinicaltrials.gov) for ongoing trials (February
2016). We contacted the primary authors of included studies as well as scientific advisors of capnography device manufacturers to identify
unpublished studies (February 2016). We handsearched conference abstracts of four organizations from 2010 to 2015.

Selection criteria

We included any RCT or quasi-randomized trial comparing capnography and standard monitoring to standard monitoring alone for ED
patients requiring PSA.

Data collection and analysis

Two authors independently performed study selection, data extraction, and assessment of methodological quality for the 'Risk of bias'
tables. An independent researcher extracted data for any included studies that our authors were involved in. We contacted authors of
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included studies for incomplete data when applicable. We used Review Manager 5 to combine data and calculate risk ratios (RR) and 95%
confidence intervals (Cl) using both random-effects and fixed-effect models.

Main results

We identified three trials (k= 1.00) involving 1272 participants. Comparing the capnography group to the standard monitoring group, there
were no differences in the rates of oxygen desaturation (RR 0.89, 95% Cl 0.48 to 1.63; n = 1272, 3 trials; moderate quality evidence) and
hypotension (RR 2.36, 95% CI 0.98 to 5.69; n = 986, 1 trial; moderate quality evidence). There was only one episode of emesis recorded
without significant difference between the groups (RR 3.10, 95% CI 0.13 to 75.88, n = 986, 1 trial; moderate quality evidence). The quality
of evidence for the primary outcomes was moderate with downgrades primarily due to heterogeneity and reporting bias.

There were no differences in the rate of airway interventions performed (RR 1.26, 95% CI 0.94 to 1.69; n = 1272, 3 trials; moderate quality
evidence). In the subgroup analysis, we found a higher rate of airway interventions for adults in the capnography group (RR 1.44, 95%
Cl 1.16 to 1.79; n = 1118, 2 trials; moderate quality evidence) with a number needed to treat for an additional harmful outcome of 12.
Although statistical heterogeneity was reduced, there was moderate quality of evidence due to outcome definition heterogeneity and
limited reporting bias. None of the studies reported recovery time.

Authors' conclusions

There is a lack of convincing evidence that the addition of capnography to standard monitoring in ED PSA reduces the rate of clinically
significant adverse events. Evidence was deemed to be of moderate quality due to population and outcome definition heterogeneity and
limited reporting bias. Our review was limited by the small number of clinical trials in this setting.

PLAIN LANGUAGE SUMMARY

Use of capnography in emergency department patients being sedated for procedures
Review question

Will carbon dioxide detection monitoring help reduce heart, lung, and airway complications for emergency department patients being
sedated for painful procedures?

Background

Medications are often used in order to reduce pain or awareness (or both) for patients having painful procedures. Sometimes,
complications involving a patient's heart, lungs, or airway (breathing tubes) can occur due to these medicines (e.g. vomit inhaled by the
lungs). Healthcare workers monitor heart rate, blood pressure, breathing rate, and blood oxygen content to help prevent complications.

Capnography (measuring carbon dioxide gas as a patient breathes out) use has been proposed to further increase the safety of sedating
patientsin the emergency department. This study was performed to determine if capnography makes a difference when added to standard
monitoring.

Study characteristics

We searched for studies using multiple research databases, conference research abstracts, and by contacting experts in the field. The
evidence is current to August 2016. We only considered studies with participants being sedated for procedures in the emergency
department. We only included studies that compared capnography and standard monitoring to standard monitoring only.

The main outcomes involved events of low blood oxygen content, low blood pressure, and vomiting. We also recorded how many times
the healthcare providers had to help the patient breathe easier. This could mean simple actions such as opening of the mouth to more
serious manoeuvres such as mechanically breathing for the patient.

Three studies with 1272 people, containing moderate evidence, were included in our study.
Key results

There was no difference in heart, lung, or airway complications with the addition of capnography. When only adults were studied,
healthcare providers performed more manoeuvres to help the patient breathe when capnography was used. This could be due to false
alarms.

Quality of evidence

The level of evidence was determined to be moderate.

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Capnography and standard monitoring compared with standard monitoring for emergency
department patients undergoing procedural sedation and analgesia

Capnography and standard monitoring compared with standard monitoring for emergency department patients undergoing procedural sedation and analgesia
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Patient or population: patients undergoing PSA
Settings: emergency departments in North America
Intervention: capnography and standard monitoring

Comparison: standard monitoring
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Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Participants  Quality of the Comments
(95% Cl) (studies) evidence
Assumed risk Corresponding risk (GRADE)
Standard moni- Capnography and stan-
toring dard monitoring
Oxygen desatu- Medium risk population RR0.89(0.48to 1272 participants DBDO -
ration 1.63) (3 studies) Moderateb
8 per 10009 7 per 1000
(4to 13)
Hypotension Medium risk population RR2.36(0.98to 986 participants (1  ee®o -
5.69) study) Moderated
6 per 1000¢ 14 per 1000
(6to 34)
Emesis, pul- Medium risk population RR3.10(0.13to 986 participants (1  ee®o None of the studies recorded pul-
monary aspira- 75.88) study) Moderated monary aspiration events.
tion 4 per 1000€ 4 per 1000
(1 to 304)
Airway interven- Medium risk population RR1.26(0.94to 1272 participants OBDO 2 studies included verbal/physical
tions 1.69) (3 studies) Moderated stimulation and supplemental oxy-
150 per 1000f 189 per 1000 gen as airway interventions (not con-
(141 to 254) sistent with our definition) but only

reported total airway interventions
(as dichotomous outcomes).
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Airway interven- Medium risk population RR1.44(1.16to 1118 participants ®DDO -
tions adult sub- 1.79) (2 studies) Moderate/

group analysis 190 per 1000/ 274 per 1000

(aged = 18 years)h (220 to 340)

Recovery time None of the studies reported recovery time.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; PSA: procedural sedation and analgesia; RR: risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

@ Campbell 2006; Cudny 2013. No study found to determine assumed risk for all-age population, combined incidence of these studies used as a surrogate. Hypoxia defined as
oxygen saturation <90% at any time with baseline oxygen saturation = 95% for Campbell 2006. Unknown definition of hypoxia for Cudny 2013.

b Although statistics show low to moderate heterogeneity (12 = 42%, P = 0.18), quality downgraded due to heterogeneity in study designs.

¢ Campbell 2006. Hypotension defined as systolic blood pressure <85 mmHg at any time with baseline systolic blood pressure = 100 mmHg.

d Downgraded for reporting bias in one study.

e Langhan 2012. Used this paediatric study as surrogate for all ages population.

fBurton 2006.

9 Downgraded due to significant heterogeneity (12 = 53%).

h The study by Campbell 2016 reported adults aged 16 years or greater whereas the study by Deitch 2010 reported adults aged greater than 18 years.
i Campbell 2016.

J Downgraded due to heterogeneity in outcome definitions as well as small number of studies.
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BACKGROUND

Description of the condition

Procedural sedation and analgesia (PSA) is used very frequently
in the modern emergency department (ED) under the auspices
of emergency physicians and allied healthcare professionals.
PSA is defined as the use of medications to induce an altered
state of consciousness to safely facilitate painful procedures
and interventions such as fracture reduction, cardioversion, and
incision and drainage of abscesses without loss of spontaneous
cardiopulmonary function (Godwin 2005). Despite widespread use,
PSAis not without risk. Overshootin the intended depth of sedation
potentially resulting in respiratory compromise, loss of airway
protection, and cardiovascular depression occurs in 1.3% to 10%
of cases (Campbell 2006; Miner 2003; Swanson 1996). In one
study, respiratory depression occurred in up to 39% of patients
undergoing PSAwith propofol (Deitch 2010). Emesis with or without
pulmonary aspiration is of particular concern in patients with full
stomachs who may be intoxicated and undergoing PSA in the ED.
Safeguards to reduce complications in ED PSA include monitoring
heart rate, respiratory rate, blood pressure, and oxygen saturation.

Description of the intervention

Capnography, the continuous measurement of exhaled carbon
dioxide (CO,) partial pressures (Pco2), can be used in conjunction
with other monitoring variables to determine the effects of sedation
medications on ventilation and potentially prevent hypoxic events.
This is accomplished by placement of an infrared sensor at the
facemask or nasal cannula. The data output can be interpreted
in the form of capnograms (CO, waveforms versus time or
expired volume) or end-tidal CO, partial pressure (an estimation
of alveolar Pcpy (Kodali 2013). It is a widely accepted modality
and used extensively in the operating room and the endoscopy
suite in addition to standard PSA monitoring (Swanson 1996). While
capnography use in the ED was historically limited to confirmation
of endotracheal tube placement and for cardiac arrest, it is being
used with increasing frequency for PSA (Krauss 2007).

How the intervention might work

Sedation medications act to depress minute ventilation by
decreasing respiration rate or tidal volume, or both. On a
physiological level, alterations in Pco, are used to estimate
changing pulmonary CO, levels, a surrogate of changes in minute
ventilation. Capnography can be used to detect decreasing trends
of minute ventilation (i.e. ventilatory depression) earlier and steps
can be taken (airway intervention or medication or dose change)
to correct the undesired physiological disturbance (Burton 2006).
Specifically, capnography data can be interpreted by monitoring for
changes in end-tidal Pcgy (PeTco?), the shape of the capnogram,
or arterial (a) and end-tidal P,coy - Percoz gradients (Kodali
2013). It is theorized that by using capnography in addition to
other physiological variables to detect ventilatory depression,
cardiorespiratory complications such as hypoxia can be detected
and treated earlier.

Why it is important to do this review

There has been a trend towards increased use of capnography
in ED PSA despite limited evidence demonstrating its efficacy in
this environment. The controlled environments of the operating

room and endoscopy suite are in contrast to the ED with
respect to both patient population and procedures performed.
ED visits are unplanned and patients often present in significant
distress with full stomachs and they may have recently consumed
alcohol orrecreational drugs. Considering this, conclusions derived
from studies in operating room and endoscopy settings do not
necessarily apply to ED PSA. Only one published randomized
controlled trial (RCT) had been performed at the protocol stage
studying capnography as a primary intervention in ED patients
undergoing PSA (Deitch 2010). This study found that capnography
both reduced and provided earlier detection of hypoxic events. The
authors used definitions inconsistent with other literature, notably
defining hypoxia as a blood oxygen saturation (SpO,) less than 93%
for 15 seconds or greater, complicating the interpretation of their
conclusions. A complete review of relevant studies is needed to
improve generalizability and ultimately to provide a more powerful
consensus on the utility of capnography in the ED.

OBJECTIVES

To assess whether capnography in addition to standard monitoring
(pulse oximetry, blood pressure and cardiac monitoring) is
more effective than standard monitoring alone to prevent
cardiorespiratory adverse events (e.g. oxygen desaturation,
hypotension, emesis, and pulmonary aspiration) in ED patients
undergoing procedural sedation and analgesia.

METHODS

Criteria for considering studies for this review
Types of studies

We only considered RCTs and quasi-RCTs for inclusion. We imposed
no language restrictions. We included unpublished data if the trial
met the inclusion criteria.

Types of participants

We included all ED patients requiring PSA were included,
regardless of age. Procedural sedation refers to "the technique
of administering sedatives or dissociative agents with or without
analgesics to induce an altered state of consciousness that
allows the patient to tolerate unpleasant procedures while
preserving cardiorespiratory function" (Godwin 2005). We excluded
participants receiving PSA in non-ED environments such as
endoscopy suites or operating rooms.

Types of interventions

All participants had to be randomized to either capnography in
addition to standard monitoring (pulse oximetry, blood pressure
and cardiac monitoring) or standard monitoring alone.

Types of outcome measures
Primary outcomes

1. Oxygen desaturation (percentage of oxygen saturation in arterial
blood (Sa0,) less than 90% for 30 seconds).

2. Hypotension (systolic blood pressure less than 90 mmHg).
3. Emesis, pulmonary aspiration.

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 5
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Secondary outcomes

1. Airway interventions performed (airway repositioning
manoeuvres, positive pressure ventilation (PPV), oral
pharyngeal or nasal pharyngeal airway placement,

endotracheal intubation (ETI)).

2. Recovery time (time from end of procedure to cessation of
monitoring).

Note: this definition of oxygen desaturation was most consistent
with other relevant studies in the literature (Anderson 2007;
Campbell 2006; Deitch 2007; Hart 1997; Langhan 2012; Mallory
2011;Miner2002; Wright 1992). We would argue that this s clinically
significant due to the fact that as oxygen saturation falls below 90%,
the steep area of the oxyhaemoglobin dissociation curve is entered
mandating medical intervention.

Outcomes did not form part of the study eligibility assessment
so that studies that met the design, participant, intervention, and
comparison criteria could be included in the review even if they
reported no relevant outcomes.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL, 2016, Issue 8); MEDLINE (1980 to 9 August 2016);
Embase (1980 to 9 August 2016); and CINAHL (1982 to 9 August
2016) to identify all clinical trials relating to our objectives. We
imposed no language or publication restrictions, or publication
status restrictions. We reviewed the reference lists of all available
primary studies and review articles to identify potential relevant
citations.

See Appendix 1 (CENTRAL), Appendix 2 (MEDLINE), Appendix 3
(Embase), and Appendix 4 (CINAHL) for our search strategies.

Searching other resources

We contacted the authors of the primary studies and scientific
advisors of the various capnography device manufacturers
to enquire about additional published or unpublished
studies (February 2016). We searched for trials in progress
using: www.controlled-trials.com, www.clinicalstudyresults.org,
and clinicaltrials.gov (February 2016).

We handsearched Canadian Association of Emergency Physicians
(CAEP); American College of Emergency Physicians (ACEP); Society
for Academic Emergency Medicine (SAEM); and International
Conference on Emergency Medicine (ICEM) conference abstract
submissions from 2010 to 2015.

Finally, we personally contacted colleagues, collaborators, and
other trialists working in the field of ED PSA to identify potentially
relevant studies.

Data collection and analysis
Selection of studies

We combined results from the search strategies into a reference
manager program (EndNote X7.4) with duplicates excluded. Two
authors (BFW, KDM) selected all trials which appeared relevant on
the basis of title, abstract, and MeSH headings for full review.

From the potentially relevant articles identified, two authors
(BFW, KDM) independently selected trials (based on the full-
text format) for inclusion in this review (see Appendix 5 for the
article inclusion form). Agreement was measured using simple
agreement and kappa statistics. We resolved disagreements by
discussion to reach consensus or third party adjudication (SGC).
Authors were not blinded to information about the articles such as
publication names, institutions involved, or conclusions made. A
list of all included trials was completed (Appendix 6). Adjudication
of the final list was performed by a separate author (BFW) and
an independent third party (Anna MacDonald) for inclusion or
exclusion from the selection of studies conducted by authors of this
review.

Data extraction and management

Two authors (BFW, KDM) independently extracted data from the
trials using an electronic data collection form (see Appendix 7).
Disagreement not resolved by consensus was adjudicated by a third
author (SGC). Any additional trial data required was obtained by
contacting the first trial author (BFW). Data for trials conducted by
authors of this review were extracted by a separate author (BFW)
and an independent third party (Anna MacDonald). Data extraction
included the following items.

1. Generalinformation: title, authors, contact address, publication
source, publication year, country.

2. Methodological characteristics and study design.

3. Population characteristics: age, sedation agent used, procedure
performed.

4. Intervention: capnography, definition of; capnography alert
level.

5. Control: blood pressure, heart rate, oxygen saturation.
6. Outcome measures as noted above.

Assessment of risk of bias in included studies

We performed a methodological quality assessment using the
'Risk of bias' tool detailed in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
The quality assessment form is attached as Appendix 8. Two
authors (BFW, KDM) independently performed this assessment
with disagreement not resolved by consensus arbitrated by a third
author (SGC). Assessors were not blinded to the study authors or
the results of the studies.

We assessed the following domains: random sequence generation;
allocation concealment; blinding of participants and personnel;
blinding of outcome assessment; incomplete outcome data;
selective reporting; and all other biases.

Measures of treatment effect

For dichotomous variables, we calculated individual and pooled
statistics as risk ratios (RR) with 95% confidence intervals
(Cl). For continuous outcomes, we calculated individual and
pooled statistics as mean differences (MD) or standardized mean
differences (SMD) and 95% Cls.

Unit of analysis issues

We did not include cluster-randomized trials and cross-over trials
in the review, and therefore, there were no unit of analysis issues.
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Dealing with missing data

An intention-to-treat (ITT) analysis, which deals with 'missing data'
from the individual trials, was completed.

Assessment of heterogeneity

We assessed heterogeneity by analysing the methodological
diversity (risk of bias assessment), clinical diversity (participant
age, procedure performed, sedation agent used, definition of
hypotension, definition of oxygen desaturation), and trial size
(publication bias). We visually inspected Forest plots for evidence
of heterogeneity and calculated both Chi2 and 12 statistics. Given
the small number of included studies, we classified significant
heterogeneity as a measured |2 statistic greater than 50% (Higgins
2011). We performed subgroup and sensitivity analyses to address
clinical heterogeneity.

Assessment of reporting biases

We addressed publication bias, when found, by adjusting the
results using the Egger approach (Egger 1997), and the 'trim and fill'
method. In the event that 10 or more studies were included in the
review, we planned to create a funnel plot. In addition, we planned
to use quality weighting to test the robustness of the results.

Data synthesis

In the absence of significant heterogeneity, we performed a meta-
analysis using Review Manager 5 (RevMan 2014). To ensure the
robustness of the results, we used both random-effects and fixed-
effect modelling. The criteria for statistical significance was a P
value less than 0.05 and 95% Cls that did not intersect.

Subgroup analysis and investigation of heterogeneity

As the utility of capnography in ED PSA may be dependent on the
age of the participant, the sedation agent used, and the procedure
performed, subgroup analysis was planned a priori in the event
significant heterogeneity was detected (determined by the forest
plot and I2 statistic).

1. Adults (aged over 18 years) versus paediatrics.

2. Sedation agent used (propofol, ketamine, midazolam,
lorazepam, fentanyl, etomidate, pentobarbital, methohexital).

3. Procedure performed (fracture reduction, joint reduction,
incision and drainage, suturing, cardioversion, lumbar
puncture, diagnostic imaging, endoscopy, Foley catheter
insertion, central line placement, dressing changes, burn
debridement, ophthalmic procedure, dental procedure,
temporomandibular joint reduction, chest tube insertion,
other).

Sensitivity analysis

In order to test the robustness of our findings, we planned to
perform a sensitivity analysis for trials with low risk versus high risk
of bias. We planned to use random-effects and fixed-effect model
estimates for each outcome variable. In the event of any missing
data, we planned to use best-case and worst-case scenarios for
imputation of missing data.

'Summary of findings' table and GRADE

We used the GRADE system to assess the quality of the
evidence associated with specific outcomes (oxygen desaturation,
hypotension, emesis, pulmonary aspiration, airway interventions
performed, recovery time) in our review and to construct a
'Summary of findings' table using the GRADE software (Guyatt
2008). The GRADE approach appraises the quality of a body of
evidence based on the extent to which one can be confident that an
estimate of effect or association reflects the item being assessed.
The quality of a body of evidence considers study risk of bias
(methodological quality), directness of the evidence, heterogeneity
of the data, precision of effect estimates, and risk of publication
bias.

RESULTS

Description of studies
Results of the search

The electronic search resulted in 3311 studies after removal of
duplicates using bibliographic software (Figure 1). We identified
38 studies for full paper review by screening titles and abstracts.
Of these 38 references, we included three in our review
(Characteristics of included studies table) and excluded 35 due to
the following:
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Figure 1. Search flow diagram.

Database search

(CENTRAL, Excluded
MEDLIMNE, Embase, o
CINAHL) = 3273

M =3311

Excluded after
initial full-text
assessment

) ) ] N =35
Full-text review.

(4/35 described in
M =38 this review)

|

Final included studies

M =23

1. 10 were review articles; 3. eightinvolved other interventions;
2. eight were non-randomized trials; 4. eight were letters or questionnaires;
Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 8

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

5. one was a systematic review.

Of these 35 excluded reports, four were identified as potentially
relevant but were then excluded (Characteristics of excluded
studies table).

Included studies

We included three articles comparing 1272 participants in our
review (Characteristics of included studies table).

Setting

All three studies took place in single-centred academic EDs in the
US or Canada. Two studies involved physicians performing the
sedation (Deitch 2010; Langhan 2015), and one study involved
advanced level paramedics performing the sedation, an evidence-
based standard at that institution (Campbell 2016). All providers
involved in procedural sedation were trained in interpreting
capnography.

Population

Two of the included studies enrolled adults only with Campbell
2016 enrolling 986 participants (aged greater than 16 years) and
Deitch 2010 enrolling 132 participants (aged greater than 18 years).
The other study enrolled 154 paediatric participants (aged less than
20 years) (Langhan 2015). All studies included patients undergoing
PSA but generally excluded critically ill patients. The paediatric
study (Langhan 2015), excluded patients who had supplemental
oxygen at baseline whereas the adult studies administered baseline
supplemental oxygen as standard of care (Campbell 2016; Deitch
2010).

Interventions

The control groups differed in one study (Campbell 2016),
using only standard monitoring without capnography whereas
two studies used standard monitoring and blinded capnography
(Deitch 2010; Langhan 2015). Standard monitoring was similar
in all studies, consisting of cardiac monitoring, blood pressure
monitoring, and pulse oximetry. Capnography alert levels were
specified and similar in two of the studies (Deitch 2010; Langhan
2015), whereas one study did not specify alert levels (Campbell
2016).

Outcomes

All three studies recorded the primary outcome of oxygen
desaturation but there was some variance in the definition.

1. One study defined hypoxia as less than 93% for greater than 15
seconds (Deitch 2010). The author was unable to be reached for
unpublished data.

2. One study defined hypoxia as less than 90% for greater than 30
seconds (Campbell 2016).

3. One study defined hypoxia as less than 95% (Langhan 2015). We
were able to contact the authors and collect unpublished data
for episodes of hypoxia less than 90%.

Campbell 2016 recorded vomiting and hypotensive events, with
hypotension defined as systolic blood pressure (SBP) less than 100
mmHg or less than 85 mmHg if baseline less than 100 mmHg.
Langhan 2015 did not measure vomiting and hypotension. Deitch
2010 did not report vomiting and hypotension despite the methods
section stating the recording of such events. None of the studies
recorded pulmonary aspiration events.

All three studies recorded the secondary outcome of airway
interventions but there was significant variance in classification
of such interventions. Only Campbell 2016 and Langhan 2015
provided data detailing the number of specific interventions
performed. Deitch 2010 and Langhan 2015 published dichotomous
data, whereas we contacted the authors of Campbell 2016 to obtain
dichotomous data (only continuous outcome data was published).

None of the studies reported recovery time (excluding procedure
time).

Funding

The Campbell 2016 and Langhan 2015 studies were supported by
independent government grants. Deitch 2010 had capnography
equipment donated by a private medical company.

Excluded studies

We excluded four studies due to retrospective analysis of
capnography data in RCTs comparing other interventions (Deitch
2007; Deitch 2008; Hart 1997; Sivilotti 2010) (see Characteristics of
excluded studies table).

Studies awaiting classification

There are no studies awaiting classification.
Ongoing studies

We identified no ongoing studies.

Risk of bias in included studies

We have included the risk of bias in Figure 2 and Figure 3. Overall
quality of evidence was moderate with downgrades resulting from
outcome definition heterogeneity and limited reporting bias in one
study.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Allocation

All three studies used random sequence generation using a
computer (Campbell 2016; Deitch 2010; Langhan 2015). Allocation
concealment was appropriate in all studies. Although none of
the studies mentioned use of an ITT protocol, there were no
participants given an intervention other than their assigned group
intervention. We found that there was low risk of allocation bias.

Blinding

None of the studies blinded either treating personnel or
participants to the intervention. We deemed this an inherent
bias due to the monitoring nature of the intervention; treating
personnel are required to see the monitoring technique to perform
the procedure. Likewise, the logistics of blinding a patient to
bedside monitoring while maintaining safety is understandably
difficult. We deemed this to be low risk of bias because future
studies would likely not be able to improve upon this.

Incomplete outcome data

Two studies accounts for all data, with low risk for attrition
bias (Campbell 2016; Langhan 2015). One study excluded 12% of
participants enrolled in the study from analysis based on a priori
exclusion criteria of greater than 35% data loss (Deitch 2010). This
was deemed a high source of attrition bias.

Selective reporting

Given the small number of studies included in the meta-analysis,
it was difficult to assess for publication bias. The review did not
include the minimum number of studies stipulated to produce
a funnel plot. However, we are confident that our robust search
strategy identified all relevant published studies. With respect to
intra-study reporting bias, one study collected data on adverse
events (hypotension, emesis) but did not report them in the results
section (Deitch 2010). This study reported only absolute numbers
of airway interventions and not specific types although these data
were also reported to be collected. We found this study to be at
a high risk of reporting bias due to these discrepancies between

the methods and results reported. One study did not enrol in a
trial registry and thus reporting bias was unknown in this study
(Campbell 2016).

Other potential sources of bias

All three included studies defined oxygen desaturation differently.
A priori, we defined oxygen desaturation as an oxygen saturation
of less than 90% for 30 seconds, the same definition used by
Campbell 2016. This definition was most consistent with other
relevant studies in the literature (Anderson 2007; Campbell 2006;
Deitch 2007; Hart 1997; Langhan 2012; Mallory 2011; Miner 2002;
Wright 1992), and we would argue, makes physiological sense
based on the oxyhaemoglobin dissociation curve and is clinically
significant mandating medical intervention. Although Langhan
2015 defined hypoxia as an oxygen saturation of less than 95%,
the authors provided unpublished individual participant data such
that rates of oxygen desaturation, as defined above, could be
calculated. Deitch 2010 defined hypoxia as an oxygen saturation
of less than 93% for greater than 15 seconds. Attempts to
contact the authors were unsuccessful and we were required
to include these participants in the analysis despite an obvious
difference in outcome definition that would introduce more oxygen
desaturation events. We performed a sensitivity analysis to explore
the effect of this heterogeneity on the overall results.

Two studies were supported by independent government grants
(Campbell 2016; Langhan 2015). One study had a capnography
device donated by a private medical manufacturing company
(Deitch 2010).

Effects of interventions

See: Summary of findings for the main comparison Capnography
and standard monitoring compared with standard monitoring for
emergency department patients undergoing procedural sedation
and analgesia
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Primary outcomes
1. Oxygen desaturation

A total of 74 hypoxic events occurred in 1272 participants with an
incidence of 33.3% in Deitch 2010, 9.1% in Langhan 2015, and 1.6%
in Campbell 2016. The significantly higher incidence in Deitch 2010
likely represents the much more conservative definition of hypoxia
used in this study. There was no significant difference in the rate

of hypoxia between the intervention and control groups (RR 0.89,
95% Cl 0.48 to 1.63; 12 = 42%) (Analysis 1.1; Figure 4). A sensitivity
analysis to address heterogeneity was performed excluding one
study with a different hypoxia definition (Deitch 2010). This proved
to reduce heterogeneity but did not show a significant difference
in the rate of hypoxia with the use of capnography (RR 1.33, 95%
Cl 0.66 to 2.69; 12 = 0%) (Figure 5). The quality of the evidence was
downgraded to moderate quality due to heterogeneity between
outcome definitions.

Figure 4. Forest plot of comparison: capnography plus standard monitoring versus standard monitoring, outcome:

1.1 oxygen desaturation.
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Test for overall effect =038 (P=0.70)
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Figure 5. Forest plot of comparison: capnography plus standard monitoring) versus standard monitoring, outcome:
1.6 oxygen desaturation (sensitivity analysis based on definition of oxygen desaturation. Deitch 2010 excluded).
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2. Hypotension

Only one study reported hypotension with a total of 23 events
in 986 participants, an incidence of 2.3% (Campbell 2016). There
was a trend of more hypotensive events in the capnography group
compared to the control group that was not statistically significant
(RR 2.36, 95% CI 0.98 to 5.69) (Analysis 1.2). One study stated in
the methods section it would record hypotensive events but did
not report on these findings in the results (Deitch 2010). Due to
this reporting bias, the quality of evidence was downgraded to
moderate.

3. Emesis, pulmonary aspiration

Only one study reported emesis outcomes with one event occurring
in 986 participants, an incidence of 0.1% (Campbell 2016). There
was no significant difference between the intervention and control
groups (RR 3.10, 95% Cl 0.13 to 75.88) (Analysis 1.3). Although one
study stated in their methods that episodes of vomiting would
be recorded, no such events were reported in the results section
(Deitch 2010). Attempts to contact the authors to clarify this were
unsuccessful. Due to this reporting bias, the quality of evidence was
downgraded to moderate. None of the studies recorded pulmonary
aspiration events.

Favours capnography Favours no capnography

Secondary outcomes
1. Airway interventions

A total of 335 airway interventions were performed in 1272
participants, an incidence of 26.3%. In two studies, there were no
interventions recorded involving ETI and only two interventions
of PPV (Campbell 2016; Langhan 2015). One study did not report
the specific interventions (Deitch 2010). There was no significant
difference between the capnography and standard monitoring
groups (RR 1.26, 95% ClI 0.94 to 1.69) (Analysis 1.4). There was
significant heterogeneity (12 =53%) and thus the quality of evidence
was downgraded to moderate. A sensitivity analysis was performed
using a fixed-effect model resulting in a significant difference
favouring the standard monitoring group (RR 1.31, 95% CI 1.09 to
1.58; 12 = 53%) with a number needed to treat for an additional
harmful outcome (NNTH) of 14. We believe that due to the
heterogeneity in outcome definitions between the studies, along
with a high 12 value, that the random-effects model was more
appropriate for this outcome.

2. Recovery time

None of the included studies reported recovery time.
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Subgroup analysis for oxygen desaturation

Age subgroup analysis did not reveal any significant differences
between the control and intervention groups (Analysis 1.5).

Subgroup analysis for airway interventions

Analysis of the adults-only group reduced heterogeneity and
revealed a significant difference with respect to the use of airway

interventions favouring the control group over the capnography
group (RR1.44,95% Cl 1.16t0 1.79;12=0) with an NNTH of 12 (Figure
6). The paediatrics-only group showed no significant difference
between the intervention and control group (RR 0.97, 95% CI 0.71
to 1.34). The quality of the evidence was downgraded to moderate
quality due to variance in the definition of airway interventions.

Figure 6. Forest plot of comparison: capnography plus standard monitoring versus standard monitoring, outcome:
1.7 airway interventions (subgroup analysis based on participant age).
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Subgroup analysis of sedation agent used

None of the included studies recorded data for analysis.

Subgroup analysis of procedure performed

None of the included studies recorded data for analysis.

Inter-observer agreement

There was complete agreement between both evaluators regarding
article selection (Kappa statistic 1.0).

DISCUSSION

Summary of main results
Primary and secondary outcomes

This review summarized the results of three studies comprising
1272 participants, demonstrating a lack of convincing evidence
that the addition of capnography to standard monitoring for PSA
in the ED affects the rate of oxygen desaturation or hypotension.
Similarly, there was no significant difference in the rate of airway
interventions across the three studies based on moderate quality
evidence. There was only one recorded event of emesis, and no
significant difference, in the one study that reported this outcome.

Capnography is an instrument, and like any tool, its effectiveness
is heavily dependent upon the skill of the user. The reality
of emergency medicine is that the variety of practitioners
using capnography, from physicians to allied health providers,
introduces inherent heterogeneity for any review in this subject
area. Even if one were to only include studies where ED PSA

Favours capnography Favours no capnography

was performed by physicians, the skill set and training of
emergency physicians is highly variable not only from country
to country but also within countries. Likewise, the variety of
patient presentations and procedures performed in the ED also
has associated heterogeneity. While some might argue that this
heterogeneity precludes the conduction of a meta-analysis, this
is the very nature of emergency medicine and such reviews are
important for both clinicians and policy decision-makers. Although
this review found no evidence supporting the use of capnography
for ED PSA, these results should be viewed with caution; they
may not be applicable to certain practitioners, for patients in
an unstable condition, or for procedures known to have higher
risk of adverse events. Considering this, we do not condemn
the wholesale use of capnography, but rather find no evidence
supporting the mandatory use of capnography for routine ED PSA
at this point in time.

Varying definitions of oxygen desaturation accounted for one
source of heterogeneity in this meta-analysis. A sensitivity analysis
excluding the one study that defined oxygen desaturation as less
than 93% for 15 seconds eliminated heterogeneity but failed to
produce a different conclusion than what is reported above (Deitch
2010). When the definition of an oxygen saturation of less than
90% was used, the event incidence was dramatically reduced from
33.3% (Deitch 2010), to 2.6% (Campbell 2016; Langhan 2015). The
trend favouring the use of capnography was reversed to favour
standard monitoring with this sensitivity analysis but did not reach
significance (RR 1.33, 95% CI 0.66 to 2.69). The quality of the
evidence was downgraded due to the varying outcome definitions.
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The question of what constitutes a clinically significant level
of oxygen saturation is difficult to answer. The partial pressure
of oxygen in the blood decreases exponentially below 90% in
accordance with the standard oxygen dissociation curve, the
primary physiological reason we used this definition of hypoxia.
This definition has been cited in other relevant studies in the
literature (Anderson 2007; Campbell 2006; Deitch 2007; Hart 1997;
Langhan 2012; Mallory 2011; Miner 2002; Wright 1992).

In the paediatric setting, there is no consensus on providing
baseline supplemental oxygen for PSA. In fact, studies generally
refer to supplemental oxygen as an adverse event. Despite this, the
paediatric study (Langhan 2015) found no significant heterogeneity
in the oxygen desaturation outcome compared to the two adult
studies (Campbell 2016; Deitch 2010). There was heterogeneity
shown in the secondary outcome of airway interventions. This
result may be partially explained by pulse oximetry detecting
respiratory depression earlier than capnography in patients
breathing room air, a conclusion reached in multiple studies
(Deitch 2008; Sivilotti 2010). A lower rate of respiratory depression
events detected by capnography than the standard monitoring may
have necessitated fewer airway interventions in these paediatric
participants breathing room air.

As determined in one large case study of 979 adults, PSA in the
ED setting without the use of capnography is a safe procedure
with clinically significant complications of hypoxia (1%) and
hypotension (0.8%) occurring very rarely (Campbell 2006). Using
data from this meta-analysis and assuming an adverse event rate
ranging from 3% to 23%, anywhere from 1600 to nearly 10,000
participants would need to be enrolled in each arm of the study to
show a25% decrease in the rate of complications (Sealed 2012). The
magnitude and costs of such a trial would likely be unfeasible and,
as such, future studies showing a difference in complication rate
is improbable. Likewise, in the paediatric ED population, one case
study of 204 sedations showed incidences of hypoxia of 0.5% and
airway interventions of 2.0% (Cudny 2013). There were no reports
of PPV, ETI, hypotension, or aspiration.

This type of monitoring intervention study has inherent bias
because of the inability to blind providers to the group assignment
(after randomization). This exposes results to the John Henry Effect
(Saretsky 1972); theoretically, providers may alter and improve
their standard monitoring practice because they know they do not
have the additional capnography tool. This may have biased results
in favour of the control group. Likewise, providers may have acted
according to the Hawthorne Effect (McCarney 2007), increasing
quality of the standard monitoring secondary to observation only.
Theoretically, this would affect both intervention groups and be
unlikely to bias the results in a particular direction. It is impossible
to design a study without these sources of bias and therefore the
evidence is still deemed high quality.

We encountered some reporting bias from one study that resulted
in downgrading the quality of the evidence in multiple outcomes
(Deitch 2010). Data were stated to have been collected in the
methods section (hypotension, emesis) but then not reported in the
results section. With such a small meta-analysis, this impacted our
outcomes significantly. In future updates, we hope to continue to
make attempts to contact the authors for unpublished data.

Subgroup analysis

The subgroup analysis based on participant age revealed a
significant increase in the rate of airway interventions for adults
in the capnography group, with an NNTH of 12. This significant
difference was not shown in the paediatrics subgroup. One
explanation accounting for this would be that the highly sensitive
capnography detects respiratory depression early in patients
on supplemental oxygen without an increase in detection of
clinically significant oxygen desaturation, causing an increase in
unnecessary interventions. A second theory would be that the use
of capnography increased clinician confidence resulting in higher
rate or dose (or both) of sedative administration.

It should be noted that the airway interventions recorded
were largely not serious in nature, mostly comprising airway
repositioning with no ETIs reported in any study. So while there was
a statistically significant increase in the rate of airway interventions
in the capnography group, the clinical significance of this is
uncertain.

Overall completeness and applicability of evidence

This study identified and analysed three trials to address our
review question. Despite the small number of studies, the number
of participants was significant and reflected the population
seen in modern western academic EDs. Significant sources of
heterogeneity were largely explained by differences in outcome
definitions and study populations (adults versus paediatric).
Sensitivity analyses did not change the conclusion that there is
a lack of evidence that capnography decreases the rate of major
adverse events in all age groups, and in fact, it may increase
unnecessary airway interventions in adult populations. Airway
interventions were noted to be minor in nature but may lead to
waking the patient and theoretically result in additional sedative
administration in order to successfully finish the procedure.

The three studies included in this meta-analysis were performed
in busy North American academic centres by skilled, experienced
clinicians. The applicability of the evidence to settings that PSA is
infrequently performed or where training differs is uncertain and
could be the subject of future trials.

Quality of the evidence

Overall quality of the three studies was moderate after accounting
for inherent bias associated with interventional studies comparing
monitoring modalities (performance bias). Variance in outcome
definition contributed to qualitative heterogeneity and resulted in
moderate quality evidence. There were too few studies to properly
assess for publication bias. There may have been some degree
of selective reporting bias in one of the studies when comparing
methods to reported results for the secondary outcomes (Deitch
2010). One of the studies was not enrolled in a clinical trials registry
and thus may have also been affected by selective reporting bias
(Campbell 2016).

We assessed heterogeneity through sensitivity and subgroup
analyses, with the major source deemed to be due to slight
variations in outcome definitions. In future updates, we will make
further attempts to contact authors for unpublished data.

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 14
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Potential biases in the review process

Three co-authors of this study (KDM, SGC, PJZ) were also authors
of one of the studies included in this meta-analysis (Campbell
2016). Another author (BFW) and an independent researcher (Anna
MacDonald) extracted data from this study since neither were
involved in theincluded study. This method was stated a priori (Wall
2013).

A decision was made to perform a sensitivity analysis to address
heterogeneity in the oxygen desaturation outcome after it was
discovered there was variance in the outcome definition. This
possibility was outlined a priori in the previously published
protocol to address sources of heterogeneity (Wall 2013).

The safety of using paramedics as sedation providers under the
supervision of emergency physicians may be contested by some.
The Campbell 2006 study, the largest observational trial studying
complications in ED PSA, showed that outcomes were similar to
when the providers were emergency physicians.

As mentioned in the 'Discussion’, an inability to reach one of the
author of an included study to collect unpublished data resulted in
significant downgrades to the evidence quality.

Agreements and disagreements with other studies or
reviews

We found no other systematic reviews studying capnography.
Burton 2012, a short cut review, stated that "capnography may
provide early warning of ventilatory changes that could result in
hypoxia." This did not necessarily disagree with our findings but the
conclusion was primarily based on one well-designed RCT (Deitch
2010).

One clinical policy guideline stated Level B recommendation
("based on evidence from one or more class of evidence Il studies or
strong consensus of class of evidence 1l studies") that capnography
may be used to detect hypoventilation and apnoea earlier than
standard monitoring in ED patients undergoing PSA (Godwin
2014). The authors noted that serious adverse events were quite
rare in this setting and that evidence was lacking showing that
capnography reduced these complications. Conclusions were also
based heavily on the findings of Deitch 2010 in addition to multiple
non-RCT reviews and RCTs performed in settings other than the ED.

These reviews were written before two of the studies included in
this review were published. Their conclusions disagreed with our
results and promoted the routine use of capnography for ED PSA
but were based only on one RCT rather than the three included in
this review.

AUTHORS' CONCLUSIONS

Implications for practice

We have found no convincing evidence that capnography
in addition to standard monitoring for patients undergoing
procedural sedation and analgesia (PSA) in the emergency
department (ED) decreases the rate of oxygen desaturation,
hypotension, or vomiting, and may actually increase the rate of

airway interventions in adults. These conclusions are based on
moderate quality evidence.

Conclusions reached in this review are contrary to expert opinions
in the emergency medicine field (Burton 2012; Godwin 2014; Mohr
2013). The impact of this review may prevent the additional costs
of expensive equipment and training involved in capnography, and
further reinforces evidence that PSA performed by skilled clinicians
in the ED with standard monitoring is a safe procedure with rare
adverse events.

Implications for research

The incidence of serious adverse events in ED PSA is so rare that a
single study powered to detect a significant difference would have
to be quite large. Even if capnography was successfully shown to
decrease rates of oxygen desaturation, we wonder as to the clinical
significance of this theoretical result given the relative simple and
safe solutions to correct hypoxia secondary to oversedation. When
hypoxic episodes do occur, there are no corresponding increases in
clinically relevant outcomes such as anoxic brain injury, aspiration,
death, hospital admission, or unplanned endotracheal intubation
(Green 2010).

There was a trend towards increased hypotensive events in
the capnography groups. Further research to investigate the
relationship between hypotensive episodes, airway interventions,
and dose of drug given could be beneficial. For particularly high-risk
procedures or patients in an unstable condition undergoing PSA
(or both), it is possible that capnography may be of more utility
given the presumably higherincidence of adverse events. Studiesin
these populations would help delineate any benefits over standard
monitoring alone.

Given that the included studies were performed in busy academic
EDs by skilled PSA practitioners, further research involving smaller
ED sites would be useful to apply conclusions more broadly.

In future updates of this review, we would like to address any
reporting bias by continuing attempts to contact authors. For any
forthcoming trials, we hope that more consensus and uniformity
can be found among authors in defining outcomes such as oxygen
desaturation. This would allow for a stronger meta-analysis without
having to seek unpublished data.
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* Indicates the major publication for the study

Methods Design: prospective, RCT

Blinding: research associates blinded, participants and personnel unblinded, allocation concealed

Dates: April 2006 to April 2010

Participants n =986

Included: adults (aged > 16 years) requiring PSA

Excluded: critically ill people or people unable to give consent
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Campbell 2016 (continued)

Location: emergency department, tertiary care university hospital, Canada

Interventions

Control (n=501)
Standard monitoring (cardiac monitoring, blood pressure monitoring, pulse oximetry)
Intervention (n =485)

Standard monitoring (as above) and end-tidal capnography (measured every 5 seconds or absence of
waveform at any time)

Outcomes

Primary

Oxygen desaturation (< 90% SpO, for > 30 seconds)

Airway interventions (airway repositioning manoeuvre, positive pressure ventilation, oral/nasal airway
placement, endotracheal intubation)*

Secondary

Hypotension (SBP < 100 mmHg or <85 mmHg if baseline <100 mmHg)

Sedation time (time from first dose of drug administration to commencement of procedure
Recovery time (time from end of procedure to cessation of monitoring)

Vomiting

Funding sources

Research grant from government organization (Capital Health Research Fund, Halifax, Nova Scotia,
Canada)

Declarations of interest

No authors declared any actual or potential conflicts of interest.

Notes * Published data for airway interventions was continuous. Dichotomous data obtained by contacting
authors.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomly assigned to each group by research associates (blinded) using com-

tion (selection bias) puter-generated randomization.

Allocation concealment Low risk Allocation concealed using opaque white envelopes.

(selection bias)

Blinding of participants High risk Unblinded participants and personnel.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Unblinded outcome assessment.

sessment (detection bias)

All outcomes

Incomplete outcome data Low risk No data excluded, all data included in analysis.

(attrition bias)
All outcomes
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Campbell 2016 (continued)

Selective reporting (re-
porting bias)

Unclear risk All participants accounted for. Study was not enrolled in a trial registry and
thus modifications to the study methods could not be assessed.

Other bias Low risk Funding: supported by an independent government grant.
Deitch 2010
Methods Design: prospective RCT

Blinding: research associates blinded, participants and personnel unblinded, allocation concealed

Dates: November 2006 to February 2008

Participants

n=132
Included: adults (aged > 18 years) requiring PSA

Excluded: severe chronic obstructive pulmonary disease; chronic oxygen requirements; haemodynam-
ic instability; respiratory distress; pregnancy; inability to provide informed consent; allergy to propofol,
morphine, or fentanyl (or other components of its formulation); or if, in the judgement of the attending
emergency physician, procedural sedation could compromise participant safety; critically ill patients
or patients unable to give consent

Location: emergency department, tertiary care university hospital, US

Interventions

Control (n=64)

Standard monitoring (cardiac monitoring, pulse oximetry, and blood pressure monitoring) and blinded
capnography

Intervention (n=68)

Standard monitoring and capnography (measured every 5 seconds with waveform, respiratory depres-
sion defined as > 50 mmHg, absolute increase or decrease from baseline of > 10%, or loss of waveform
for> 15 seconds)*

Outcomes

Primary
Hypoxia defined as < 93% SpO, for > 15 seconds
Secondary

Airway Interventions (verbal or physical stimulation; airway realignment; use of additional oxygen; and
use of airway adjuncts, assisted ventilation, or intubation)

Hypotension (undefined, not reported in results)

Vomiting (not reported in results)

Funding sources

Capnography equipment donated by private company (Oridian Medical, Needham, MA)

Declarations of interest

No authors declared any actual or potential conflicts of interest

Notes * Disqualified graphs if > 35% data loss
Risk of bias
Bias Authors' judgement  Support for judgement
Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 19
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Deitch 2010 (continued)

Random sequence genera-  Low risk Randomly assigned to each group by research associates (blinded) using a

tion (selection bias) computer-generated randomization list.

Allocation concealment Low risk Research associates and treating physicians were blinded to the randomiza-

(selection bias) tion choice until after enrolment.

Blinding of participants High risk Although all participants had capnography, only the participants/personnelin

and personnel (perfor- the capnography group could see the capnography monitor, whereas the stan-

mance bias) dard group knew that they could not see the capnography monitor. Therefore,

All outcomes this was not blinded.

Blinding of outcome as- Low risk Investigators evaluating graphs for outcome measures were blinded.

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Participant data excluded if 35% data loss. This resulted in 18/150 (12%) par-

(attrition bias) ticipants excluded.

All outcomes

Selective reporting (re- High risk Primary outcome data all accounted for outside the above exclusions. Se-

porting bias) condary outcomes listed including vomiting and hypotension were mentioned
in methods section but not reported on in results. The specific airway interven-
tions were not reported (only total number of interventions) despite the meth-
ods section stating these data were collected.

Other bias Unclear risk Oxygen desaturation outcome defined as Sp02 < 93%. We were unable to
reach author for unpublished data regarding this outcome.
Funding: a device performing capnography was donated by a private medical
manufacturing company.

Langhan 2015
Methods Design: prospective RCT

Blinding: research associates unblinded, participants and personnel unblinded, allocation concealed

Dates: September 2011 to January 2013.

Participants

n=154
Included: paediatric participants (aged 1 to 20 years) requiring PSA

Excluded: intubation, administration of baseline supplemental oxygen without preceding hypox-
aemia, and conditions associated with abnormal ETCO, values such as lower airway disease (e.g. asth-
ma), diabetic ketoacidosis, moderate to severe dehydration, and major trauma. Participants were ex-
cluded if they did not tolerate the capnography cannula or if the participant cried for > 20% of the seda-
tion

Location: paediatric emergency department, tertiary care university hospital, US

Interventions

Control (n=77)

Standard monitoring (cardiac monitoring, pulse oximetry, and blood pressure monitoring) and blinded
capnography

Intervention (n=77)

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 20
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Langhan 2015 (Continued)

Standard monitoring and capnography (alerts at ETCO, levels of <30 mmHg and > 50 mmHg)

Outcomes Primary

Oxygen desaturation (SpO, < 95%)

Airway interventions (verbal or physical stimulation, bag-valve mask ventilation, jaw thrust, head tilt,
use of a shoulder roll, supplemental oxygen, or reversal agents)*

Secondary

Oxygen desaturation (SpO; < 90%)**

Funding sources Research grant from government organization (National Center for Advancing Translational Science,
components of the National Institutes of Health)

Declarations of interest Not stated in publication

Notes *Airway interventions: verbal or physical stimulation, bag-valve mask ventilation, airway repositioning
(jaw thrust or head tilt), use of a shoulder roll, supplemental oxygen or reversal agents

**Primary outcome was Sp0O, < 95%. Secondary outcome Sp0O, < 90% obtained by contacting author

directly.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk A statistician provided blocked randomization using Proc Plan (Sas 9.2, Cary,
tion (selection bias) NC), with a 7-digit random seed; group assignments were allocated to partici-
pants in a random sequence within blocks of 6.
Allocation concealment Low risk Allocation concealed with sealed, opaque envelopes.
(selection bias)
Blinding of participants High risk Participants and personnel not blinded to capnography screens.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Research associates during procedures not blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Outside of a priori defined exclusion criteria, all data included.
(attrition bias)
All outcomes
Selective reporting (re- Low risk All participant outcomes accounted for upon contacting author directly.
porting bias)
Other bias Low risk Unpublished data for the oxygen desaturation outcome was obtained from au-

thor.

Funding: supported by an independent government grant.

ETCO,: end-tidal carbon dioxide partial pressure; n: number of participants; PSA: procedural sedation and analgesia; RCT: randomized
controlled trial; SBP: systolic blood pressure; SpO,: blood oxygen saturation.
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Deitch 2007 Not relevant interventions: supplemental oxygen vs compressed air for midazolam and fentany!
PSA. Retrospectively analysed blinded capnography data.

Deitch 2008 Not relevant interventions: supplemental oxygen vs compressed air for propofol PSA. Retrospec-
tively analysed blinded capnography data.

Hart 1997 Non-relevant interventions: RCT comparing fentanyl vs fentanyl-midazolam vs meperi-
dine-promethazine-chlorpromethazine compound as sedation drugs for PSA.

Sivilotti 2010 Non-relevant interventions: RCT comparing sedation drugs for PSA then retrospectively analysed

for adverse events and utility of capnography.

PSA: procedural sedation and analgesia; RCT: randomized controlled trial.

DATA AND ANALYSES

Comparison 1. Capnography plus standard monitoring versus standard monitoring only

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Oxygen desaturation 3 1272 Risk Ratio (M-H, Random, 95%  0.89[0.48, 1.63]
Cl)
2 Hypotension 1 Risk Ratio (M-H, Random, 95%  Totals not selected
cl)
3 Emesis, pulmonary aspiration 1 Risk Ratio (M-H, Random, 95%  Totals not selected
cl)
4 Airway interventions 3 1272 Risk Ratio (M-H, Random, 95%  1.26 [0.94, 1.69]
Cl)
5 Oxygen desaturation (subgroup 3 Risk Ratio (M-H, Random, 95%  Subtotals only
analysis) Cl)
5.1 Adults (aged = 18 years) 2 1118 Risk Ratio (M-H, Random, 95%  0.79[0.37, 1.71]
Cl)
5.2 Paediatric (aged <18 years) 1 154 Risk Ratio (M-H, Random, 95%  1.33[0.49, 3.66]
cl)
6 Oxygen desaturation (sensitivity 2 1140 Risk Ratio (M-H, Random, 95%  1.33[0.66, 2.69]
analysis), Deitch 2010 excluded Cl)
7 Airway interventions (subgroup 3 1272 Risk Ratio (M-H, Random, 95%  1.26 [0.94, 1.69]

analysis)

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
7.1 Adults (aged = 18 years) 2 1118 Risk Ratio (M-H, Random, 95%  1.44[1.16, 1.79]
Cl)
7.2 Paediatric (aged < 18 years) 1 154 Risk Ratio (M-H, Random, 95%  0.97[0.71, 1.34]
Cl)

Analysis 1.1. Comparison 1 Capnography plus standard monitoring
versus standard monitoring only, Outcome 1 Oxygen desaturation.

Study or subgroup Capnography No capnog- Risk Ratio Weight Risk Ratio
raphy
n/N n/N M-H, Random, 95% CI| M-H, Random, 95% CI
Deitch 2010 17/68 27/64 —l— 50.11% 0.59[0.36,0.98]
Campbell 2016 9/485 7/501 e — 25.46% 1.33[0.5,3.54]
Langhan 2015 8/77 6/77 e — 24.43% 1.33[0.49,3.66]
Total (95% Cl) 630 642 o 100% 0.89[0.48,1.63]

Total events: 34 (Capnography), 40 (No capnography)
Heterogeneity: Tau?=0.12; Chi*=3.45, df=2(P=0.18); 1>=42.02%
Test for overall effect: Z=0.39(P=0.7)

Favours capnography 01 02 05 1 2 5 10 Favours no capnography

Analysis 1.2. Comparison 1 Capnography plus standard monitoring
versus standard monitoring only, Outcome 2 Hypotension.

Study or subgroup Capnography No capnography Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Campbell 2016 16/485 7/501 ‘—o— 2.36[0.98,5.69]

Favours capnography ~ 0.05 0.2 1 5 20

Analysis 1.3. Comparison 1 Capnography plus standard monitoring versus

standard monitoring only, Outcome 3 Emesis, pulmonary aspiration.

Favours no capnography

Study or subgroup Capnography No capnography Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Campbell 2016 1/485 0/501 } + } 3.1[0.13,75.88]
Favours capnography 01 02 0.5 1 2 5 10 Favours no capnography
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Analysis 1.4. Comparison 1 Capnography plus standard monitoring
versus standard monitoring only, Outcome 4 Airway interventions.

Study or subgroup Capnography No capnog- Risk Ratio Weight Risk Ratio
raphy
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Campbell 2016 127/485 93/501 —— 44.81% 1.41[1.11,1.79]
Deitch 2010 24/68 14/64 T 18.8% 1.61[0.92,2.84]
Langhan 2015 38/77 39/77 —— 36.39% 0.97[0.71,1.34]
Total (95% Cl) 630 642 e 100% 1.26[0.94,1.69]

Total events: 189 (Capnography), 146 (No capnography)
Heterogeneity: Tau?=0.03; Chi*=4.29, df=2(P=0.12); 1>=53.41%
Test for overall effect: Z=1.58(P=0.11)

Favours capnography 0.2 0.5 1 2 5 Favours no capnography

Analysis 1.5. Comparison 1 Capnography plus standard monitoring versus
standard monitoring only, Outcome 5 Oxygen desaturation (subgroup analysis).

Study or subgroup Capnography No capnog- Risk Ratio Weight Risk Ratio
raphy
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 Adults (aged = 18 years)
Campbell 2016 9/485 7/501 — 36.2% 1.33[0.5,3.54]
Deitch 2010 17/68 27/64 —— 63.8% 0.59[0.36,0.98]
Subtotal (95% Cl) 553 565 e 100% 0.79[0.37,1.71]

Total events: 26 (Capnography), 34 (No capnography)
Heterogeneity: Tau?=0.18; Chi*=2.12, df=1(P=0.15); 1>=52.78%
Test for overall effect: Z=0.59(P=0.56)

1.5.2 Paediatric (aged <18 years)
Langhan 2015 8/77 6/77 —_— 100% 1.33[0.49,3.66]
Subtotal (95% Cl) 77 77 i 100% 1.33[0.49,3.66]
Total events: 8 (Capnography), 6 (No capnography)
Heterogeneity: Not applicable

Test for overall effect: Z=0.56(P=0.58)

Test for subgroup differences: Chi*=0.64, df=1 (P=0.42), 1>=0%

Favours capnography 0.1 02 05 1 2 5 10 Favours no capnography

Analysis 1.6. Comparison 1 Capnography plus standard monitoring versus standard
monitoring only, Outcome 6 Oxygen desaturation (sensitivity analysis), Deitch 2010 excluded.

Study or subgroup Capnography No capnog- Risk Ratio Weight Risk Ratio
raphy
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Campbell 2016 9/485 7/501 —— 51.53% 1.33[0.5,3.54]
Langhan 2015 8/71 6/77 —— 48.47% 1.33[0.49,3.66]
Total (95% Cl) 562 578 —~al— 100% 1.33[0.66,2.69]
Total events: 17 (Capnography), 13 (No capnography)
Favours capnography 0.1 02 05 1 2 5 10 Favours no capnography
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Study or subgroup Capnography No capnog- Risk Ratio Weight
raphy
n/N n/N M-H, Random, 95% CI

Risk Ratio

M-H, Random, 95% CI

Heterogeneity: Tau?=0; Chi*=0, df=1(P=1); 1*=0%
Test for overall effect: Z=0.8(P=0.43)

Favours capnography ~ 0.1 02 05 1 2 5 10 Favours no capnography

Analysis 1.7. Comparison 1 Capnography plus standard monitoring versus

standard monitoring only, Outcome 7 Airway interventions (subgroup analysis).

Study or subgroup Capnography No capnog- Risk Ratio Weight Risk Ratio
raphy
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 Adults (aged = 18 years)
Campbell 2016 127/485 93/501 3 44.81% 1.41[1.11,1.79]
Deitch 2010 24/68 14/64 —*— 18.8% 1.61[0.92,2.84]
Subtotal (95% CI) 553 565 ¢ 63.61% 1.44[1.16,1.79]
Total events: 151 (Capnography), 107 (No capnography)
Heterogeneity: Tau?=0; Chi*=0.19, df=1(P=0.67); 1>=0%
Test for overall effect: Z=3.27(P=0)
1.7.2 Paediatric (aged < 18 years)
Langhan 2015 38/77 39/77 ﬂ' 36.39% 0.97[0.71,1.34]
Subtotal (95% Cl) 77 77 ‘ 36.39% 0.97[0.71,1.34]
Total events: 38 (Capnography), 39 (No capnography)
Heterogeneity: Not applicable
Test for overall effect: Z=0.16(P=0.87)
Total (95% CI) 630 642 <& 100% 1.26[0.94,1.69]
Total events: 189 (Capnography), 146 (No capnography)
Heterogeneity: Tau?=0.03; Chi*=4.29, df=2(P=0.12); 1>=53.41%
Test for overall effect: Z=1.58(P=0.11)
Test for subgroup differences: Chi?=3.97, df=1 (P=0.05), 1>=74.79%
Favours capnography ~ 0-01 0.1 1 10 100 Favours no capnography

APPENDICES

Appendix 1. CENTRAL (2016, Issue 8)

#1 MeSH descriptor: [Anesthesia, Intravenous] explode all trees

#2 MeSH descriptor: [Conscious Sedation] explode all trees

#3 MeSH descriptor: [Hypnotics and Sedatives] explode all trees

#4 anesthes* or ANAESTHES* or SEDATE* or SEDATION* or SEDATIVE* or HYPNOTIC*
#5 MeSH descriptor: [Capnography] explode all trees

#6 MeSH descriptor: [Respiratory Insufficiency] explode all trees

#7 MeSH descriptor: [Monitoring, Physiologic] explode all trees

#8 MeSH descriptor: [Anoxia] explode all trees

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review)
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#9 MeSH descriptor: [Carbon Dioxide] explode all trees

#10 CAPNOGRAPH™ or "Respiratory Insufficiency" or "respiratory failure" or ANOXIA* or HYPOXI* or "CARBON DIOXIDE"
#11 MeSH descriptor: [Emergency Medical Services] explode all trees

#12 MeSH descriptor: [Emergency Service, Hospital] explode all trees

#13 EMERGENC™ or casualt*

#14 (#1 or #2 or #3 or #4)

#15 (#5 or #6 or #7 or #8 or #9 or #10)

#16 (#11 or #12 or #13)

#17 (#14 and #15 and #16)

Appendix 2. MEDLINE (via PubMed) (1980 to 9 August 2016)

1. "Anesthesia, Intravenous'"[Mesh]

2. "Conscious Sedation"[Mesh]

3. "Hypnotics and Sedatives"[Mesh]

4. (anesthes*[TIAB] OR ANAESTHES*[TIAB] OR SEDATE*[TIAB] OR SEDATION*[TIAB] OR SEDATIVE*[TIAB] OR HYPNOTIC*[TIAB])
5."Capnography"[Mesh]

6. "Respiratory Insufficiency"[Mesh]

7. "Monitoring, Physiologic"[Mesh]

8. "Anoxia"[Mesh]

9. "Carbon Dioxide"[Mesh])

10. (CAPNOGRAPH*[TIAB] OR "Respiratory Insufficiency"[TIAB] OR "respiratory failure"[tiab] OR ANOXIA*[TIAB] OR HYPOXI*[TIAB] OR
"CARBON DIOXIDE"[TIAB])

11. "Emergency Medical Services"[Mesh]
12. "Emergency Service, Hospital"[Mesh]
13. (EMERGENC*[TIAB]) OR (casualt*[TIAB])
14.1or2o0r3or4
15.50r60r7or8or9orl0
16.110r120r13

17.14and 15and 16

Appendix 3. Embase (via Ovid) (1980 to 9 August 2016)

1. exp intravenous anesthesia/

2. exp conscious sedation/

3. exp hypnotic sedative agent/

4, (anesthes* or anaesthes* or sedate* or sedation* or sedative* or hypnotic*).ab,ti.
5. exp capnography/

6. exp respiratory failure/
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7. exp patient monitoring/

8. exp anoxia/

9. exp carbon dioxide/

10. (capnograph* or 'respiratory insufficiency' or anoxia* or hypoxi* or 'carbon dioxide' or 'respiratory failure').abti.
11. exp emergency health service/ or (emergenc* or casualt*).abti.

12.1or2or3or4

13.50r6o0r7or8or9or10

14.11and 12 and 13

Appendix 4. CINAHL (via EBSCOhost) (1980 to August 2016)
S1. (MH "Anesthesia, Intravenous")

S2. (MH "Hypnotics and Sedatives+")

S3. (MH "Conscious Sedation")

S4. (AB anesthes* OR Tl anesthes® OR AB ANAESTHES* OR TI ANAESTHES* OR AB SEDATE* OR TI SEDATE* OR AB SEDATION* OR TI
SEDATION* OR AB SEDATIVE* OR TI SEDATIVE* OR AB HYPNOTIC* OR TI HYPNOTIC*)

S5. (MH "Capnography")

S6. (MH "Respiratory Failure+")

S7. (MH "Monitoring, Physiologic+")
S8. (MH "Anoxia+")

S9. (MH "Carbon Dioxide")

S10. (TICAPNOGRAPH* ORAB CAPNOGRAPH* ORTI "Respiratory Insufficiency" OR AB "Respiratory Insufficiency" OR Tl "respiratory failure"
OR AB "respiratory failure" OR TI ANOXIA* OR AB ANOXIA* OR TI HYPOXI* OR AB HYPOXI* OR TI "CARBON DIOXIDE" OR AB "CARBON
DIOXIDE")

S11. (MH "Emergency Medical Services+")

$12. (MH "Emergency Service+")

$13. (Tl casualt* OR AB casualt* OR TI EMERGENC* OR AB EMERGENC*)
S14.(S1orS2orS3orS4)

S15. (S5 or S6 or S7 or S8 or S9 or S10)

S16.(S11 or S12 or S13)

S17.(S14 and S15 and S16)

Appendix 5. Article inclusion criteria form

THE USE OF CAPNOGRAPHY IN EMERGENCY DEPARTMENT PROCEDURAL SEDATION AND ANALGESIA: A SYSTEMATIC REVIEW

CRITERIA FOR INCLUSION
Citation #

Reviewer: BFW KDM

Please assess the following questions for each paper. WHEN YOU OBTAIN ONE X (NOT INCLUDED) STOP. The inclusion criteria are:

[1] DESIGN

1. [] Randomized controlled clinical trial OR Quazi randomized controlled clinical trial
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2. [] Exclude all studies which are non-experimental (cohort study, case-control study, before-after studies, case series, letters, reviews,
etc.).

[2] POPULATIONS

1. []Include if patients were selected due to undergoing PSA in an Emergency Department.

2. []Exclude papers where the patients were classified as: inpatients, day surgery patients, or endoscopy suite patients.
[3] INTERVENTIONS

1. [ ] Include all primary research in which patients were monitored with capnography and standard monitoring (BP cuff, oxygen
saturation, cardiac monitoring) versus standard monitoring only.

2. []Exclude if capnography was not the primary research question.

[4] OUTCOMES

1. []Must have clinically relative outcomes (i.e. airway intervention required, hypotension, oxygen desaturation, CO, levels).
2. []Exclude all studies that do not report clinically relevant outcomes.

[5] FINAL DECISION

1. []INCLUDED (meets inclusion criteria above)
2. [INOT INCLUDED
3. []CAN'T TELL (need more information from authors to make decision

Appendix 6. Studies meeting inclusion criteria

Unique ID Study ID (Lead Author, year) PMID Source (Journal, conference, etc)

Appendix 7. Data extraction form

Review title or ID

Study ID (surname of first author and year first full report of study was published e.g. Smith 2001)
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Report IDs of other reports of this study (e.g. duplicate publications, follow-up studies)

Notes:

1. General Information

Date form completed (dd/mm/yyyy)

Name/ID of person extracting data

Report title

(title of paper/ abstract/ report that data are extracted from)

Report ID

(ID for this paper/ abstract/ report)

Reference details

Report author contact details

Publication type

(e.g. full report, abstract, letter)

Study funding sources

(including role of funders)

Possible conflicts of interest

(for study authors)

Notes:

3. Population and setting

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 29
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Description Location in text

Include comparative information for each (pg/fig/table)
group (i.e. intervention and controls) if avail-
able

Population description

(from which study participants are drawn)

Setting

(including location and social context)

Inclusion criteria

Exclusion criteria

Method of recruitment of participants

Informed consent obtained Yes No Unclear

Notes:

4. Methods

Descriptions as stated in report/paper Location in text

(pg/fig/table)

Aim of study

Design (e.g. parallel, crossover, cluster)

Unit of allocation

(by individuals, cluster/ groups or body parts)

Start date

End date

Total study duration

Ethical approval needed/ obtained for study Yes No Unclear

Notes:

6. Participants

Provide overall data and, if available, comparative data for each intervention or comparison group.
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Description as stated
in report/paper

Location in text

(pg/fig/table)

Total no. randomized

(or total pop. at start of study for NRCTs)

Clusters

(if applicable, no., type, no. people per cluster)

Baseline imbalances

Withdrawals and exclusions

(if not provided below by outcome)

Age

Sex

Race/Ethnicity

Severity of illness

Co-morbidities

Other treatment received (additional to study intervention)

Other relevant sociodemographics

Subgroups measured

Subgroups reported

Notes:

7. Intervention groups

Copy and paste table for each intervention and comparison group

Intervention Group 1

Description as stated
in report/paper

Location in text

(pg/fig/table)

Group name

No. randomized to group

(specify whether no. people or clusters)

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review)
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(Continued)

Theoretical basis (include key references)

Description (include sufficient detail for replication, e.g. content, dose, compo-
nents)

Duration of treatment period

Timing (e.g. frequency, duration of each episode)

Delivery (e.g. mechanism, medium, intensity, fidelity)

Providers

(e.g. no., profession, training, ethnicity etc. if relevant)

Co-interventions

Economic variables
(i.e. intervention cost, changes in other costs as result of intervention)

Resource requirements to replicate intervention

(e.g. staff numbers, cold chain, equipment)

Notes:

8. Outcomes

Oxygen Desaturation

Description as stated in report/paper Location in text

(pg/fig/table)

Outcome name

Time points measured

Time points reported

Outcome definition (with diagnostic criteria if relevant)

Person measuring/reporting

Unit of measurement

(if relevant)

Scales: upper and lower limits (indicate whether high or low
score is good)

Is outcome/tool validated? Yes No Unclear

Imputation of missing data
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(Continued)
(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in Background)

Power

Notes:

Hypotension

Description as stated in report/paper Location in text

(pg/fig/table)

Outcome name

Time points measured

Time points reported

Outcome definition (with diagnostic criteria if relevant)

Person measuring/reporting

Unit of measurement

(if relevant)

Scales: upper and lower limits (indicate whether high or low
score is good)

Is outcome/tool validated? Yes No Unclear

Imputation of missing data
(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in Background)

Power

Notes:

Airway Intervention Performed

Description as stated in report/paper Location in text
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(Continued)

(pg/fig/table)

Outcome name

Time points measured

Time points reported

Outcome definition (with diagnostic criteria if relevant)

Person measuring/reporting

Unit of measurement

(if relevant)

Scales: upper and lower limits (indicate whether high or low
score is good)

Is outcome/tool validated? Yes No Unclear

Imputation of missing data
(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in Background)

Power

Notes:

Emesis/Aspiration

Description as stated in report/paper Location in text

(pg/fig/table)

Outcome name

Time points measured

Time points reported

Outcome definition (with diagnostic criteria if relevant)

Person measuring/reporting

Unit of measurement

(if relevant)
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(Continued)

Scales: upper and lower limits (indicate whether high or low
score is good)

Is outcome/tool validated? Yes No Unclear

Imputation of missing data
(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in Background)

Power

Notes:

Recovery Time

Description as stated in report/paper Location in text

(pg/fig/table)

Outcome name

Time points measured

Time points reported

Outcome definition (with diagnostic criteria if relevant)

Person measuring/reporting

Unit of measurement

(if relevant)

Scales: upper and lower limits (indicate whether high or low
score is good)

Is outcome/tool validated? Yes No Unclear

Imputation of missing data
(e.g. assumptions made for ITT analysis)

Assumed risk estimate

(e.g. baseline or population risk noted in Background)

Power

Notes:
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9. Results

Copy and paste the appropriate table for each outcome, including additional tables for each time point and subgroup as required.

Dichotomous outcome

Description as stated in report/paper

Location in
text

(pg/fig/ta-
ble)

Comparison

Outcome

Subgroup

Timepoint
(specify whether from start or end of inter-
vention)

Results

Intervention

Comparison

No. events

No. participants

No. events No. partici-

pants

No. missing participants and reasons

No. participants moved from other
group and reasons

Any other results reported

Unit of analysis (by individuals, clus-
ter/groups or body parts)

Statistical methods used and appropri-
ateness of these methods (e.g. adjust-
ment for correlation)

Reanalysis required? (specify)

Yes

No Unclear

Reanalysis possible?

Yes

No Unclear

Reanalysed results

Notes:

Continuous outcome

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 36
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A81IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) 3y L 6107 @ 3y3uAdod

(ma1nay) eisaS)eue pue uonepas jeanpadoad Juswiiedap Louadiawa 1oy Sulioyiuow paepue)s snsidn AydesSoude)

LE

Description as stated in report/paper

Location in text

(pg/fig/table)

Comparison

Outcome

Subgroup

Timepoint
(specify whether from start or end of interven-
tion)

Post-intervention or change from baseline?

Result Intervention

Comparison

Mean

SD (oroth-  No. participants
ervari-
ance)

Mean SD (or oth-
er vari-
ance)

No. partic-
ipants

No. missing participants and reasons

No. participants moved from other group
and reasons

Any other results reported

Unit of analysis

(individuals, cluster/ groups or body parts)

Statistical methods used and appropriate-
ness of these methods (e.g. adjustment for
correlation)

Reanalysis required? (specify) Yes No

Unclear

Reanalysis possible? Yes No

Unclear
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Other outcome

Description as stated in report/paper

Location in
text

(pg/fig/ta-
ble)

Comparison

Outcome

Subgroup

Timepoint
(specify whether from start or end of inter-
vention)

Results

Interven-
tion result

SD (or other variance)

Control re- SD (or oth-
sult er variance)

Overall results

SE (or other variance)

No. participants

Intervention

Control

No. missing participants and reasons

No. participants moved from other
group and reasons

Any other results reported

Unit of analysis (by individuals, clus-
ter/groups or body parts)

Statistical methods used and appropri-
ateness of these methods

Reanalysis required? (specify)

Yes No Unclear

Reanalysis possible?

Yes No Unclear

Reanalysed results

Notes:
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10. Applicability

Have important populations been excluded from the study? (consider dis-

advantaged populations, and possible differences in the intervention effect)
Yes No Unclear

Is the intervention likely to be aimed at disadvantaged groups? (e.g. lower

socioeconomic groups)
Yes No Unclear

Does the study directly address the review question?

(any issues of partial or indirect applicability) Yes No Unclear

Notes:

11. Other information

Description as stated Location in text
in report/paper
(pg/fig/table)
Key conclusions of study authors
References to other relevant studies
Correspondence required for further study information (from whom, what
and when)
Notes:
Appendix 8. Risk of bias assessment
Domain Risk of bias Support for Locationin
judgement text
Low risk High risk Unclear .
(pg/fig/table)
Random sequence generation
(selection bias)
Allocation concealment
(selection bias)
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(Continued)
Blinding of participants and person- Outcome group:
nel All/

(performance bias)

Blinding of outcome assessment Outcome group:

All/
(detection bias)

Incomplete outcome data

(attrition bias)

Selective outcome reporting?

(reporting bias)

Other bias

Notes:

WHAT'S NEW

Date Event Description

3 January 2019 Amended Editorial team changed to Cochrane Emergency and Critical Care

CONTRIBUTIONS OF AUTHORS

Brian F Wall (BFW), Kirk Magee (KDM), Samuel G Campbell (SGC), Peter J Zed (PJZ)
Conceiving the review: BFW, KDM, PJZ.

Co-ordinating the review: BFW, KDM.

Undertaking manual searches: BFW, KDM.

Screening search results: BFW, KDM.

Organizing retrieval of papers: BFW.

Screening retrieved papers against inclusion criteria: BFW, KDM, SGC.
Appraising quality of papers: BFW, KDM.

Abstracting data from papers: BFW, KDM.

Writing to authors of papers for additional information: BFW.
Providing additional data about papers: BFW.

Obtaining and screening data on unpublished studies: BFW.

Data management for the review: BFW, KDM.

Entering data into Review Manager 5 (RevMan 2014): BFW, KDM.
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RevMan statistical data: BFW, KDM.

Other statistical analysis not using RevMan: BFW, KDM.

Interpretation of data: BFW, KDM, PJZ.

Statistical inferences: BFW, KDM, PJZ.

Writing the review: BFW, KDM, PJZ.

Securing funding for the review: BFW, KDM.

Performing previous work that was the foundation of the present study: SGC, PJZ.

Guarantor for the review: BFW.

Person responsible for reading and checking review before submission: KDM.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We made the following changes to the published protocol (Wall 2013).

1. An explanation for the definition of the primary outcome oxygen desaturation was added to the 'Types of outcome measures' section.

2. The description in the 'Objectives' section was simplified to conform to Cochrane standards but no prespecified primary or secondary
objectives were changed.

INDEX TERMS

Medical Subject Headings (MeSH)

*Analgesia; *Emergency Service, Hospital; Blood Pressure Determination; Capnography [*methods]; Emergency Treatment [adverse
effects] [*methods]; Heart Rate; Hypotension [prevention & control]; Hypoxia [prevention & control]; Monitoring, Physiologic
[*methods]; Oximetry; Pneumonia, Aspiration [prevention & control]; Randomized Controlled Trials as Topic; Vomiting [prevention &
control]

MeSH check words

Humans

Capnography versus standard monitoring for emergency department procedural sedation and analgesia (Review) 42
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



